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ABSTRACT OF THE DISCLOSURE 

An alpha numerical display system for displaying rows 
and columns of symbols, in which the symbols are scanned 
in sequence in each row, the rows are scanned in sequence, 
and each symbol is scanned in a series of vertical scans 
before the next symbol is scanned. Each symbol has a 
plurality of points that are intensi?ed in a predetermined 
sequence to provide a desired illuminated symbol. The 
‘horizontal scan wave is the sum of three sawtooth waves: 
the ?rst of which has an amplitude corresponding to the 
length of a row symbols and a trace time corresponding 
to the time required to scan a row of symbols, the second 
of which has an amplitude corresponding to the width 
of a symbol and the adjoining space and a trace time 
corresponding to the time required to scan a symbol, and 
the third of which has an amplitude corresponding to the 
distance between adjacent horizontal points of a symbol 
and a trace time corresponding to the time for scanning 
one vertical line of a symbol. The vertical scan wave is 
the sum of a sawtooth signal having an amplitude corre 
sponding to the height of a symbol and having a trace 
time corresponding to the time required to vertically scan 
a symbol, and a stepwave signal having a step height cor 
responding to the interval between rows and a step width 
corresponding the time required to scan a row of sym 
bols. 

The invention relates to a device for reproducing infor 
mation on the screen of a cathode-ray tube, said informa 
tion consisting of symbols de?ned by a characteristic train 
of electric modulation signals supplied from apparatus 
beyond the device and modulating the electron beam in 
intensity so that given points of a matrix luminesce, said 
point being arranged on lines lying one above the other 
and said matrices being arranged in at least one row, the 
spot of the electron beam scanning consecutively one col 
umn after the other of each matrix by the combined effect 
of the horizontal and vertical de?ection members. 

It is known that for the transfer, processing or storing 
of information (a numerical data) it is common practice 
to convert the information into coded electric signals, 
which are subjected to various appropriate treatments, par 
ticularly in devices such as computers. 

After the process the information available in the 
form of electric signals at the output of said devices is 
given as the result. For direct use said electric signals have 
to be converted in turn into symbols, characters (at-data) 
and digits (numerical data). 

It has been proposed to render such information visible 
on the screen of a cathode-ray tube. For this purpose each 
symbol is characterized by a train of consecutive electric 
signals and on the screen each symbol is formed by the 
luminescence of given appropriate points of an array of 
points (or matrix), which luminescence is produced by the 
modulation of the electron beam by each of said signals. 
Inside the matrix the points are arranged in lines and col 
umns, whereas the matrices themselves are arranged in 
rows one below the other. 
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By synchronising said train of signals and by scanning 
with the aid of the electron beam sequences of symbols 
can be formed on the screen, when the spot scans con 
secutively all matrices of the screen in the correct order. 
The present invention relates to a device of this kind, 

particularly to a device of displaying the information 
stored in a computer. This device is characterized in that 
the horizontal de?ection member is controlled by a com 
bination of sawtooth signals comprising at least one ?rst 
signal having an amplitude corresponding to the length 
of one row of matrices and a tracing time corresponding 
to the period in which the spot has to scan all matrices 
of one row, a second signal having an amplitude corre 
sponding to the number of intervals between the columns 
of adjacent points of the same matrix and to the interval 
between two consecutive matrices of the same row, and 
having a tracing time corresponding to the period in which 
the ‘beam scans one matrix, and a third signal having an 
amplitude corresponding to the interval between two col 
umns of points of one matrix and having a tracing time 
corresponding to the period in which a column of points 
is traversed. The retracing times of the second signal and 
of the third signal are equal to each other and correspond 
each to the periods in which the beam changes over in one 
matrix from one column of points to the other column, 
the front edges of these second and third signals being such 
that their sum is equal to but opposite the front edge of the 
?rst-mentioned signal. The vertical de?ection member is 
controlled by at least one sawtooth signal having an ampli 
tude corresponding to the scan of one column of points 
of one matrix and having a tracing time corresponding 
to the period in which the beam covers a column of 
points and a retracing time during which the beam passes 
from one column to the other and from one matrix to 
the other in the same row, said sawtooth signal having 
exactly the same repetition frequency and the same phase 
as the third sawtooth signal of the horizontal de?ection. 
When the electron beam has to scan various rows of 

matrices, the vertical de?ection member is, in addition, 
controlled by a step signal, the height of each step equal 
to the interval between two rows of matrices and the width 
of each step being equal to the time required by the beam 
to cover all points of a row of matrices. In this case the 
retracing time of the ?rst sawtooth signal is equal to the 
time required by the beam for changing over from the end 
of one row of matrices to the beginning of the next row of 
matrices. 
The horizontal and vertical de?ection members are 

preferably magnetically controlled and comprise each two 
sets of coils. The ?rst sawtooth signal is fed to one of the 
sets of coils of the device for the horizontal de?ection 
of the beam, while an appropriate combination of the 
second signal and the third signal is fed to the other set 
of coils. In the same manner each of the two vertical de 
?ection signals is fed to a set of corresponding coils. 
The analysis of the sawtooth de?ection signals of the 

desired amplitude and repetition frequency provides signals 
producing de?ections of high amplitudes at low or average 
repetition frequencies and signals producing de?ections of 
small amplitude at high repetition frequencies. 

Splitting up into the combinations of horizontal and 
vertical members with the associated coils permits of 
adapting the electrical properties of each combination, for 
example the de?ection sensitivity and the associated in 
ductance to the required frequency and amplitude. 
The electrical current characterized by a low or average 

repetition frequency and a large amplitude is preferably 
to an assembly having a great de?ection sensitivity and a 
comparatively high natural inductance. The electric cur 
rents characterized by a high repetition frequency and a 
low amplitude are supplied to an assembly having a low 
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de?ection sensitivity and a comparatively low natural in 
ductance. 
The sawtooth signals are preferably obtained by charg 

ing a capacitor by a constant current and by discharging 
it by means of a suitable circuit. 

In order to obtain synchronism between various signals 
for de?ecting the electron beam and the modulation sig 
nals of the beam, the various discharge circuits are con 
trolled by time-base signals, the time-base circuit itself 
being controlled by the apparatus beyond the device, for 
example a computer supplying said modulation signals. 
One of the time-base circuits supplies directly the step 
signal for the vertical de?ection. 
Thus the electron beam scans the points of each symbol 

in each matrix one column after the other and one matrix 
after the other in each row and then one row of matrices 
after the other, the points corresponding to the modula 
tion signals being caused to luminesce. 
The invention will be described with reference to the 

accompanying drawing. 
FIGS. 1A and 1B show embodiments of a matrix 

for displaying a symbol on the screen of a cathode-ray 
tube and the array of matrices for displaying a series of 
symbols. 
FIGS. 2A, 2B, 2C and 2D show three sawtooth signals 

for the horizontal scan of the screen and the combina 
tion of said signals. 
FIG. 2Aa shows on a diminished scale the curve of 

FIG. 2A. 
FIGS. 3A and 3B show each one signal for the vertical 

scan of the screen. 
FIG. 4 shows a block diagram of a device according 

to the invention. 
FIG. 5 shows a block diagram of the time-base circuit 

controlling the sawtooth generators. 
FIGS. 6, 6A, 7, 8 and 9 show the schematic diagram 

of a bistable ?ip-?op circuit, the symbol of a ?ip-?op cir 
cuit, and the schematic diagrams of an inverting circuit 
ET, of a zero-point correction member and of the digital 
analogue converter respectively forming part of the time 
base circuit of FIG. 5. 
FIGS. IDA-10D show diagrams indicating the wave 

form of the signals at different points of the time-base 
circuit of FIG. 5. 
FIG. 11 is a block diagram of the control-circuit of the 

?rst set of coils for horizontal de?ection. 
FIG. 12 shows a diagram for given operations of the 

control-circuit of the ?rst set of horizontal de?ection 
coils, the block diagram of which is shown in FIG. 11. 
FIG. 13 shows a schematic diagram similar to that of 

FIG. 11. 
FIG. 14 is a block diagram of the control-circuit of 

the second set of horizontal de?ection coils. 
FIG. 15 is a time diagram of the voltage at the terminals 

of the buffer capacitor of the circuit of FIG. 14. 
FIG. 16 is a schematic diagram of the control-circuit 

of the second set of horizontal de?ection coils. 
FIG. 17 is a block diagram of the control-circuit of 

the ?rst set of vertical de?ection coils. 
FIGS. 18A, 18B and 18C show a correction member for 

the voltage applied to the ?rst set of vertical de?ection coils 
and the waveform of said voltage at the input and the 
output of the correction member. 
FIG. 19 is a schematic diagram of the circuit of FIG. 

17. 
FIG. 20 is a block diagram of the control-circuit of 

the second vertical de?ection coils. 
FIG. 21 is a schematic diagram of the circuit of FIG. 

20. 
FIG. 22 shows an embodiment of an ampli?er supply 

ing the modulation signals to the cathode of the cathode 
ray tube. 

For the sake of clarity a practical embodiment will 
be described; the data indicated have to be taken by Way 
of example, 
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FIGS. 1A and 1B show how symbols, for example char 
acters or digits can be displayed on the screen of a cath 
ode-ray tube, the electron beam intensity of which is 
varied by modulation signals. 
FIG. 1A shows a matrix M of points to be scanned by 

the electron beam for displaying one of the symbols. In 
the embodiment shown said matrix comprises 35 points 
(5 columns and 7 lines), scanned :by the beam in the 
given order. The beam thus scans one column after the 
other, starting at the left-hand top. Each of the points is 
normally dark and it luminesces when a modulation signal 
is fed to the electron beam at the instant when the spot 
passes the point concerned. 

In order to Write for example the character B (ee FIG. 
1A) the modulation signals have to be fed to the elec 
tron beam when it strikes the points 1, 2, 3, 4, 5, 6, 7, 8, 
11, 14, 15, 18, 21, 22, 25, 28, 30, 31, 33 and 34. 
Such matrices are, of course, imaginary arrays; they 

appear only in the form of luminescing dots on the screen, 
when scanned by the electron beam. 

It will be seen that a given number of identical matrices 
may be combined in p rows and n columns (see FIG. 1B) 
in order to write a series of symbols (for example a text), 
in which the number of the modulation signals and their 
distribution are different for two different symbols. In 
FIG. 1B each matrix M has the number of the row and 
that of the column. 
The electron beam has to cover a composite path on 

the screen. It starts at point 1 of the ?rst matrix M11 of 
the ?rst row and follows the ?rst column of this matrix to 
point 7, after which it passes to point 8, the ?rst point of 
the second column, which is covered to point 14 and so 
on to point 35. The beam then passes to point 1 of the 
matrix M12 which is scanned in the said manner and this 
applies to all matrices of the ?rst row up to point 35 of 
the matric Mm. The beam then jumps to point 1 of the 
?rst matrix M21 of the second row, which is scanned in 
the manner described above; all rows of matrics are thus 
traversed to point 35 of the matrix Mpn, after which the 
beam returns to point 1 of the matrix M11. 
According to the invention this scanning mode is ob 

tained by means of the combination of the horizontal 
sawtooth de?ections HA, H3 or Ho, shown in the same 
scale in FIGS. 2A, 2B and 2C respectively and with the 
vertical de?ections VE and VF, shown in FIG. 3 on dif 
ferent scales. 

FIG. 2A shows the ?rst part of a sawtooth signal A, 
which is shown on a smaller scale in FIG. 2Aa; the tracing 
time tmA thereof is equal to the period of time required 
by the beam to scan the length hA of a row of matrices M 
(see FIG. 1B) and the retracing time trA is equal to the 
time required by the beam for passing over from the end 
of one row of matrices to the beginning of the next row. 
In order that the beam can scan the whole length of a row 
of matrices, the amplitude of the signal A is furthermore 
equal to hA (see FIG. 2Aa). 

If, as stated above, the matrices are each formed by 
5 columns of 7 points and if each row comprises 40 
matrices, the scanning time for one column of points in 
one matrix may be 7 ,usec and the transitional time be 
tween two consecutive columns and two consecutive 
matrices may be 2 nsec. The scanning time of one matrix 
is thus 5>< (7+2) =45 n-sec, including the interval of time 
between the matrices. Under these conditions of scanning 
time of a row, that is to say the tracing time 1mm of the 
sawtooth signal A is 45 ><40=l800 p.566. The time re 
quired by the 'beam to pass over from the end of one row 
of ‘matrices to the beginning of the next row may thus have 
the value of 45 asec so that the retracing time trA of each 
sawtooth signal A is 45 nsec and the overall time in this 
particular case 1845 asec. 
The de?ection HA can be obtained by means of a 

signal formed by a train of sawtooth pulses A, fed to a 
magnetic de?ection member. The displacement of an elec 
tron is proportional to the strength of the associated mag 
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netic ?eld, which itself is proportional to the current sup 
plied to the de?ection member. The de?ection HA can thus 
be obtained by means of the sawtooth current signal A. 
This also applies to the other de?ections of the beam. 
The de?ection HA has superimposed on it the combina 

tion of two de?ections HB and HG, which are produced 
by the sawtooth signals B and C illustrated in FIGS. 2B 
and 2C. The retracing time trB of the signal B is equal to 
the interval between two consecutive matrices, for ex 
ample, to 2 psec. The tracing time rum is the time neces 
sary for scanning one matrix, for example, 45—2.=43 psec. 
The amplitude hB of the signal B determines the interval 
between two consecutive matrices. 
The de?ection Hg is obtained by the signal C, having 

a retracing time tw equal to the interval between one 
column of points and the next column of points in the 
same matrix; this time is indicated by tr]; and has a dura 
tion of, for example, 2 ,usec. The tracing time tmc of the 
signal C has a duration equal to the scanning period of 
one column, for example, 7 ,usec. The amplitude he of the 
signal C partially determines the interval between two 
consecutive columns of the same matrix. 
The superimposition of the three signals A, B and C 

results in the curveiD of the horizontal de?ection HD, 
shown in FIG. 2D. Since the values of k3, he, rm; and 
tmc are chosen so that the, sum of the rear edges of the 
signals B and C is equal to the front edge of the signal A, 
the de?ection HD is characterized‘ by a sequence of steps 
having a duration of 7psec, during which the beam is not 
displaced in the horizontal direction, after which the beam 
performs a jump of a duration of 2 usec. During these 
jumps the beam is de?ected either in the same matrix 
(bc, de, y‘g, hi, . . .) from one column to the other, or 
from one matrix to the other (j’a’, . . .). During the 
period of 7 ,usec (steps ab, cd, ef, gh, ij, a'b', . . .), during 
which the beam is not de?ected horizontally, the beam can 
scan a column in a vertical sense. The interval between 
two columns of one matrix is equal to hm and the 
interval between two matrices is equal to hm; the point a’, 
like the point a is located on the sawtooth signal A. The 
same scanning process restarts at a’ and goes on until the 
end of a row. 

For the beam scan of each column this horizontal de 
?ection HD has superimposed on it a vertical de?ection 
VE (FIG. 3A), which is obtained by ‘means of a sawtooth 
current signal E. The amplitude vE thereof is equal to 
the height of one matrix M. Moreover, the tracing time 
tmE is equal to the scanning time of a column, for example 
7 psec, that is to say the period of one step of the signal D. 
The retracing time trE must be equal to the interval be 
tween the columns or between the matrices, for example 
2 psec, that is to say the period of one jump of the signal D. 
By the combination of the de?ection HD and VE the 

beam is capable of scanning any point of all matrices 
of one row. For the transition of the last matrix of one 
row to the ?rst matrix of the next row the beam is 
furthermore de?ected vertically (VF; FIG. 3B). This de 
?ection is obtained with the aid of a signal F, formed byv 
a step current, each step of which has a duration 1F equal 
to the scanning period for one row of matrices, here for 
example 1800 used; the height of the steps may be equal 
to the interval between two consecutive rows of matrices. 
The end of one step is joined at the beginning of the 
next one by a rectilinear part of the signal RF of a dura 
tion dp equal to the time required by the beam for pass 
ing from one row of matrices to the next one, for example 
45 ,usec., which corresponds to the jump between two 
steps. The overall duration of one step 1F and a jump RF 
of the signal F is therefore 1845 psec. . - 
When the beam has scanned the last matrix Mpn (FIG. 

1B) it has to return to the matrix M11. The period of 
such a ?yback exceeds the interval between two consecu 
tive rows of matrices and it is assumed here to be 135 
psec. Since twelve rows of matrices are provided, the 
signal P must have twelve steps and eleven jumps RF. 
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The overall period of the signal F, inclusive of the re 
tracing time of 135 ,uS€C., is therefore 

,usec. In order to reset the beam from the end of the 
matrix Mp11 in the horizontal direction and in the vertical 
direction with the same speed for scanning the matrix 
M11, the retracing time trA of the sawtooth signal A is 
also chosen to be 135 ,uS6C., which is therefore the dura 
tion of the rectilinear part of the signal F. The value of 
135 psec. is chosen in connection with the fact that this 
is a multiple of 9 ,usec., which is the period of time of 
the signals C and E and a multiple of 45 ,usec., the period 
of the signal B, so that at the end of the retracing time 
of the signals A and F the signals B, C and E are at 
the beginning of their tracing times tmB, tmc and rum re 
spectively. 

FIG. 4 shows diagrammatically how the various signals 
of FIGS. 2 and 3 are obtained and combined to cause 
the beam to scan the screen E6 of a display tube T1. 
The tube Ti comprises four sets of coils of a type known 

in television technique for the de?ection of the electron 
beam. Two of these sets H1 and H2 serve for the hori 
zontal de?ection and two further sets V1 and V2 serve 
for the vertical de?ection. 
The set H1 receives a signal from a sawtooth generator 

‘GA and a form generator GAG; this signal A is shown in 
'FIG. 2A. The set H2 receives a combination of signals 
B and C, shown in FIGS. 2B and 2C, from sawtooth 
generators GB and GC and a form generator GBC. 
The set V2 receives a signal E of FIG. 3A from a 

sawtooth generator GE and a form generator GEC. As 
will be explained more fully hereinafter, the form gen 
erators GAG, GBC, and GEC are especially intended to 
form the sawtooth signals developed by generators GA, 
GB and Go as far as linearity and special forms during 
retrace time is concerned. It is also possible to insert de 
sired corrections in the original sawtooth signals with the 
aid of these form generators. 
The generators GA, GB, GC and GE are connected 

to the outputs S2, S5, S6, S3 and S1 respectively (see FIG. 
4) of a time-base circuit B, for the control in syn 
chronism. The output 8,, of the time-base circuit is con 
nected through a form generator GFC to the set V1 in 
order to obtain the step signal F of FIG. 3B. 
The time-base circuit Bt is controlled by signals, for 

example, from a computer having the information in its 
store. The computer supplies its signals to the inputs IEH, 
Es of the time-base circuit Bt. These signals are reference 
or clock signals (HOR) and ?eld synchronising signals 
(SYN) preceding the signal (HOR) with each \?eld. In 
this embodiment the signal (HOR) is a square-Wave sig 
nal having a repetition frequency of 1 mc./s.; the square 
waves have a duration of 0.5 ,usec. and an interval also 
of 0.5 psec. (see FIG. 10A). 
The computer also transmits modulation signals 

(MOD) via the input EM to the electron gun Ce of the 
tube Ti through a video ampli?er AV, the diagram of 
which is shown in FIG. 22. 

The block diagram of the time-base circuit Bt is 
shown in FIG. 5. It comprises bistable ?ip-?ops intercon 
nected so that they form counters CB3, CB5, CB9, C1312 
and CB41, which divide by 3, 5, 9, 12 and 41 respectively. 
These numbers depend upon the values chosen in this 
embodiment. In another embodiment said numbers may 
be di?Ferent. 

It is known that a bistable ?ip-?op forms a divide-by-2 
counter, which means that at the output the circuit pro 
vides a single pulse for every two pulses fed to its input; k 
stepwise connected bistable ?ip-?ops thus form a divide 
by-2k counter. In order to form counters having a de 
nominator unequal to the kth power of 2 use has to be 
made of known feedbacks. For example, in order to 
form the divide-by-9 counter, the input of which receives 
the signal (HOR), three bistable ?ip-?ops MVB1, MVB2 
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and MVB3 are connected stepwise (forming a counter 
dividing by 23:8), whilst the output Q of MVB3 is con 
nected to an input P of a fourth ?ip-?op MVB4, the out 

put _Q_'of which is ‘connected to the input R of MVB1, 
whereas a further input? of MVB4 receives the signal 
(HOR). With such a feedback loop, comprising the flip 
flop MVB4, there is obtained one pulse at the output S1 
of the inverting element I1 for nine pulses (or square 
waves) of the signal (HOR) applied to EH. The ele 
ment I1 is connected to the output of and-gate P01. One 
input of gate P01 is connected to the inputs P and-I5 
of the ?ip-?op MVB3 and the other input and gate P01 
is connected to the output Q of MVB3. The other in 
verting elements I in FIG. 5 are also provided according 
to need in the time-base circuit Bt. 
With the aid of similar couplings other counters can 

be obtained; for example the counter CB.“ is obtained by 
means of a counter comprising six stepwise connected 
multivibrators which provide without the need for further 
means a dividing number of 26:64. A divide-by-45 
counter CB45 with the output S3 is obtained by the com 
bination of divide-by-9‘ and divide-by-S counters. 

FIG. 6 shows a practical ?ip-?op circuit MVB. ‘The 
collector of the two n-p-n transistors T1, T 2 are connected 
to the positive terminal of the voltage source U2 through 
the resistors R1 and R2 and the emitters thereof are di 
rectly connected to ground, to which also the negative 
terminals of the sources U1 and U2 are connected. The 
potential at the base of the transistor T1 is statically de 
termined by the resistor bridge formed by the resistors 
R3 and R5 in series connection and by the resistor R7. 
The free end of the resistor R3 is connected to the posi 
tive terminal of the voltage source U1 and the free end 
of the resistor R7 is connected to the negative terminal 
of the voltage source U3. The base of the transistor T1 
is connected to point P5, the junction of the resistors R5 
and R7. The potential at the base of the transistor T2, 
connected to the point P6, is statically determined in sym 
metry by the resistors R4, R6 and R8. The crossings of 
the circuits of the collectors and the bases have two 
semiconductor diodes D1 and D2 and capacitors C5 and 
C6 are connected in parallel with the two resistors R5 
and R6 respectively. The cathodes of the semiconductor 
diodes D3 and D4, having a selective effect in the trans 
mission of the control-pulses to the bases of the transistors 
T1 and T2 receive the positive bias voltage U2 via the 
two resistor bridges formed by R9 and R11 and by R10 
and R12 respectively. This positive bias voltage forms a 
threshold for avoiding any premature operation of the 
circuit under the action of random low negative pulses 
having the nature of “interference.” The input circuits 
of the control-pulses comprises two capacitors C13 and 
C14, which are charged in the rest position by the positive 
voltage U2 via the resistors R13 and R14 respectively up 
to a voltage across capacitors C13 and C14 respectively 
which is the ditference between the voltage U2 and the 
voltage present at the junction of the voltage dividers 
R9 and R11, and R10 and R11 respectively. The normal 
control-pulses changing over the ?ip-?ops consist of 
short-duration pulses bringing the inputs R and P for a 
short time at ground potential. To these inputs are further 
more connected the cathode of the semiconductor diodes 
D7 and D8, the anodes of which are connected to the 
points P7 and P8 respectively, corresponding electrically 
to the input electrodes of the capacitors C13 and C14. 
The diodes D5 and D6, forming a crossing between 

point P7 and the collector of the transistor T2, and be 
tween the point P8 and collector of the transistor T1, 
provide the charge of the capacitors C13 and C14 in ac 
cordance with the instantaneous state of the ?ip-?op 
circuit. At point R there is provided an additional input 
for the cathode of the diode D10, the anode of which is 
connected to the point P8. This additional input R, when 
it is at ground potential, neutralises the effect of the bi 
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8 
stable multivibrator on the control-pulses applied to the 
input P. These inputs are employed to form dividing 
counters which cause the time-base circuit B; to operate 
in the desired manner. The input R ensures that the 
?ip-?op maintains a given state. 
The arrangement has furthermore an input Y, which is 

connected to the cathode of the diode D9, the anode of 
which is connected to point P4 of the base circuit of the 
transistor T2. This input Y serves for receiving the syn 
chronising pulses transmitted for each new scanning 
period of the raster by a zero-correction device RAZ (see 
FIG. 5) which resets the ?ip-?ops MVB in known manner 
to zero before the scan of the next raster restarts. Even 
in the case of disturbances during a raster scanning period 
it is thus ensured that the ?ip-?ops are invariably in the 
zero-position at the beginning of a raster scan. The outputs 
Q and 'Q' of the arrangement are directly connected to 
the collectors of the transistors T2 and T1 respectively. 

Practical values of the ?ip-?op arrangement of FIG. 6 
are given in the following table: 

FIG. 6A shows symbolically MVB of FIG. 6 in which 
the inputs and outputs are arranged like in the block 
diagram of FIG. 5. It is not necessary to use all inputs 
and outputs for each ?ip?op MVB, since in certain cases 
some of the ?ip?ops are not connected. 
The and-gates P0 are shown in conjunction with the 

inverting element I in FIG. 7. They are formed by the 
parrallel-connected diodes D15 to D18. The inverting ele 
ment I is formed by the transistor T3, the emitter of 
which is connected to ground. The and-gates —followed by 
the inverting elements I) are identical and are each a 
normally available part, a variable number of inputs of 
which is used at the place where an element is employed. 
If a single input is used, the gating effect is meaningless 
and only the inverting element I is active, but the im 
pedances and the signal levels have to be maintained 
correctly. In such a case the diagram of FIG. 5 shows 
only the block representing the “inverting function.” 
FIG. 7 shows the work point of the transistor T3 in the 
rest position (in which all cathodes of the diodes D15 to 
D18 are positive to point P155), said point being deter 
mined by the resistors R15, R16 and R17, the junction P165 
of which, lying between R16 and R17, is connected to the 
base of the transistor T3 and by the values of the voltages 
U15 and U17 ground. The transistor T3 is fed by the 
voltage U18 via the resistor R18. The signals directly sup 
plied by or through inverting stages by the bistable 
'multivibrators MVB are applied to each of the input ter 
minals P15 to P18, formed by the cathodes of the diodes 
D15 to D18. The capacitor C16 serves for rapid transmis 
sion of the pulses from the junction P155 of the anodes 
D15 to D18 to the base of the transistor T3. 
By way of example the values of the elements of a 

practical arrangement as shown in FIG. 7 are given 
below: 

D15, D16, D17, D18=IN914 

The zero-correction member RAZ is also a normally 
available part; only one is used in this case; it is shown 
in detail in FIG. 8. The construction of the input circuit 
is identical to that of the input circuit of an and-gate. 
The collector of the transistor T4, which receives the volt 
age U23 via a resistor R23, is connected to the base of 
the transistor T5, the emitter of which is directly con 
nected to ground and the collector of which is fed via the 
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resistor R24 by the voltage U24. Only a single diode of the the correction stage EDC, which forms the input circuit 
circuit of FIG. 8 is used, and for substantially the whole of an ampli?er, the block diagram of which is shown 
synchronising period the cathode of said single semicon- in FIG. 17 (it shows the current source GFC of FIG. 5 
ductor diode, to which is fed the synchronising signal together with the vertical de?ection coils V1 and V1’). 
(SYN), is positive with respect to the anode thereof; that - The values of elements used in a practical embodiment 
is to say 1+6 V. Thus transistor T4 draws current thereby as shown in FIG. 9 are given below. 
cutting off transistor T5, leaving the collector of transistor R25=40009 106220000 R27=R28=1000Q 
T5 at a fairly high and posltive voltage. D_ur1ng the 0.5 R2924000Q R30=390Q T6=2N 1613 
p.866. of the synchromsing pulse the 1nput srgnal becomes U29: +10 V U30=|+24 v 
zero and the voltage of the collector of the transistor T5 10 ' ' 
becomes even approximately Zero; the desired control- _ In the numerical example the various counters are rela 
pulse is thus fed to the inputs Y of the bistable multi- tlvely connected so that the Output 51 Provides Pulses (a) 
vibrators MVB, of a width of 2 psec. and intervals of 7 ,usec. (FIG. 10A), 
By way of example the values of the elements empolyed the Output 52 a Signal _(/3) formed by Sequences of eleven 

in a practical embodiment of the arrangement shown in 15 pulses of 45 #sec- and intervals of 1800 twee, followed by 
FIG_ 3 are given below; a twelfth pulse of 45 nsec, having an interval of 1890 

_ __ ’ nsec. from the preceding pulse and of 1710 usec. from the 

k9 R23__750n ?rst pulse of a new sequence of eleven pulses (see pulse 
R22 ' 8209 _ ‘ "— T sequence (,6) of FIG. 10C), the output 8;, pulses Y of 

= 20 2 nsec. and intervals of 43 #860. (see FIG. 10B), the out T4, T5=2N 744 U20=+24v. U22=-10v. 1 - 
U23=+10VI U24=+10V. put S5 pu ses (6) of 45 ,usec. and intervals of 1800 ,usec. 

(FIG. 10C) and the output S6 pulses (e) of 90 ,usec. and 
FIG. 9 shows the digital to analogue converter U of intervals of 22,095 ,usec. (FIG. 10C). The function of 

FIG. 5. The transistor T6 is the active element, whose col~ these signals will be explained hereinafter. 
lector is is fed via the resistor R30 by the positive voltage 25 The generators GA, GB, Gc and GE are based on the 
U30 and whose base is connected to a ?xed positive volt- Same principle for producing sawtooth signals: they com 
age U29, prise each a buffer capacitor CR, charged by a constant 
The emitter of the transistor T6 is connected to point current and discharged via a circuit which becomes con 

P29 and via resistor R29 to ground, to which is also con- ducting by the signals applied to the outputs S1, S2, S3, S5 
nected the negative common terminal of the positive volt- 30 and S6 of the time-base circuit Bt. 
ages U29 and U30. FIG. 11 shows the block diagram of the generators 

The four resistors R25 to R28 have the values 4p, 2p, 1p GA, GAG of FIG. 4 for the supply of a sawtooth signal like 
and 1p respectively and 4p is the value of the resistor R29. the signal A of FIG. 2Aa to the coils H1, H1’. 
The four inputs P25 to P28, forming the free ends of the _ The capacitor CR1 is charged through a charging cir 

resistors R25 to R28, the other ends of which are connected 3'0 cuit EC and discharged via two discharging stages Em 
to point P29, are connected to the corresponding points of and E132. The individual strength of the discharge currents 
the divide-by-12 counter CBm. can be controlled by the variable resistors R19 and R29. 
The converter of FIG. 9 operates as follows: The two discharging circuits are absolutely necessary, 
At the instant O (at the beginning of a signal F; see since the ?y-back time of the beam from the last row 

also the table of commutations hereinafter) the points P25 40 of matrices to the ?rst row is longer than the ?y-back time 
to P28 are, in accordance with the corresponding points of from One rOW to the next (135 nsec. instead of 45 ,usec. 
the counter CB12, to which they are connected, at a posi- in this case). 
tive voltage approximately equal to U29. The current This di?‘iculty is solved in the following manner. In a 
through the base-emitter circuit is determined by the char- normal retracing time of 45 ,usec. the two discharging cir 
acteristics of the voltage divider formed by the resistor 45 CuitS Em and E132 Operate simultaneously in Parallel, 
R29 and the assembly of resistors R25 to R28, which are Whilst the pulses of 45 ,usec. from the outputs S2 and S5 
connected in parallel, and by the voltages at points P25 to of the time-base circuit Bt coincide. After twelve steps the 
P28. Consequently, at the instant O the potential differences two circuits EDI and EM operate one after the other. The 
across said voltage divider is at a minimum, so that the circuit Em receives ?rst a pulse of 45 ,usec. from the out 
base-emitter current is at a minimum and also the collec- 50 put S5 (see signal 8 in FIG. 10C), then with a delay of 
tor current ID of the transistor T6 is at a minimum. 90 ,usec. (equal to the difference in retracing times 90 

During the operation of the multivibrators MVB5 to 13545 ,usec.) the circuit Em receives a pulse of 45 )tsec. 
MVB8 of FIG. 5 the points of the inputs P25 to P28 have a from the output S2 of the time-base circuit B‘, (see sig 
voltage approximately equal to ground potential in the 55 nal ,8 in FIG. 10C; of the time difference between the two 
given order corresponding to the table below. Owing to ?rst pulses of the signals 13 and 6). 
the chosen ratio between the resistors R25 to R28 each However, the charging time of the capacitor CR should 
potential variation at points P25 to P28 increases the col- remain constant irrespective of its discharging period. 
lector current of the transistor T6 by a value Al and The charging time determines the amplitude of the saw 
after the twelfth step the current returns to the initial 60 tooth and hence the amplitude of the beam de?ection. 
value Io. Each potential variation at points P25 to P28 In order to ensure that during the longer retracing 
therefore forms one step of the signal F. time of 135 psec. the capacitor CR1 does not receive fur 

Order of commutations 0 1 2 3 4 5 6 7 8 9 10 11 12 13 

Points approximately at 
ground potential. 

Increase in current In expressed 
111A, _________________________ __0123456789101101 

Thus a step voltage appears between the point P30 and ther charge than during the normal retracting time of 45 
ground which voltage decreases progressively during the ,nsec, a device DC interrupts the supply of charge for two— 
eleven steps after the initial value, the initial value being thirds of the retracing time of 135 nsec. (here 90 used, 
regained at the twelfth commutation. The output S4, re- corresponding to the difference between the discharging 
ceiving thus the signal (0) of FIG. 10D, is connected to 75 times of 135 and 45 nsec.), for example by cutting olf 
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a charging transistor T7 of the circuit EC, see FIGS. 12 
and 13, by means of the signal (E) at the terminal S6. Be 
tween the capacitor CR1 and the sets of coils H1 and H1’ 
there is connected a power Stage EP, having an imped 
ance matching input circuit formed by the transistors T8, 
T9 and T10, connected like emitter followers (see FIG. 
13, which shows an embodiment of the device of FIG. 
11). The collectors of the power transistors T11 and T12 
are fed from a direct voltage Source 555 through a choke 
B13. Owing to the low DC resistance of the choke in the 
collector circuits of the transistors T11 and T12 the linear 
ity of the scan is disturbed. This can be corrected by ap 
plying a sawtooth component to the charging current of the 
capacitor CR1. A correction signal generator GO may be 
simple formed by a transistor T34, which forms part of 
the circuit described above and which supplies the re 
quired correction signal to the base of the charging tran 
sistor T7. 

Moreover, if the screen Ec of the cathode-ray tube T1 
is ?at, it is necessary to correct the resultant deviation 
from the linearity of the image by the so-called S-correc 
tion. For this purpose the charging current of the capaci 
tor CR1 is modulated so that the sawtooth signals A are 
slightly rounded off and slightly ?attened at the beginning 
and at the end of the leading edges, the two ?attened parts 
corresponding to the positions of the spot near the edges 
of the screen Ec. The modulation voltage should have a 
parabolic shape; it is applied to the collector circuit of the 
transistor T, by the generator GDP, formed by two tran 
sistors T13 and T14, which are connected stepwise. 
From FIG. 13 it will be seen that for this purpose the 

base of the transistor T7, connected to point P41, is gov 
erned, in addition, by the interrupter DC through the 
variable resistor R39, and by the correction-voltage gen 
erator GDC via the resistor R41, which connects point P41 
to the base of the transistor T7. The emitter of the transis 
tor T7 receives a voltage U35 via a ?xed resistor R35 and 
a variable resistor R36, having a common junction P36, 
to which is connected the parabolic correction-voltage 
generator GDP, which is otherwise connected to the col 
lector of the transistor T13 of the part GDP. The resistor 
R35 thus forms part of the emitter circuit of transistor 
T7 and of the collector circuit of transistor T13, so that 
the coupling between said transistors is ensured. 
The detailed diagram of FIG. 13 is an embodiment of 

the block diagram of FIG. 11. In the charging interrupter 
DC the emitter of the transistor T33 receives the voltage 
U33 and its base is connected to its emitter by the diode 
D33, the cathode of which is connected to said emitter. 
The collector of the transistor T33 is connected via the 
variable resistor R39 to the base of the transistor T7. 
The charging interrupting signal (6), the pulses of which 
have a duration of 90 ,usec. and which emanates from 
the output S6 of the time-base-circuit 3;, is applied to 
the cathode of the diode D31, the anode of which receives 
the voltage U38 through a resistor R38. From the anode 
output of this diode the signal is transmitted to the base 
of the transistor T33 via the capacitor C37 and the resistor 
R3»; in series connection. 

In the sawtooth correction signal generator GDC the 
emitter of the transistor T34 receives a voltage U43 and 
the base receives via the resistor R32 the signal of the 
collector of the transistor T35. The collector of the tran 
sistor T34 is connected to ground via the resistor bridge 
formed by the series-connected resistors R40 and R42. The 
junction P41 of these two resistors is partly decoupled to 
ground by the capacitor C42 and is coupled with the base 
of the transistors T7 via resistor R41. 

In the discharging stage EDI the collector of the tran 
sistor T36 is connected to point P48, the non-ground con 
nected end of the capacitor CR1 through the variable 
resistor R19. The emitter of this transistor is fed by the 
voltage U50. A diode D50, connected between the emitter 
and the base, prevents the latter from becoming negative 
relative to the emitter. The control-signal of the stage EDI 
from the output S2 of the time-base circuit Bt is applied 
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12 
to the cathode of a diode D49, the anode of which receives 
through the resistor R49 the voltage U49. The signal thus 
produced at point P49 is transmitted to the base of the 
transistor T36 through the series connection of the 
resistor R50 and the capacitor C50. The base of transistor 
T36 is connected by way of diode D50 to source Use of 
supply voltage, and the emitter of transistor T36 is also 
connected to source U50. 

In the discharging stage Em the collector of the transis 
tor T35 (point P35) is connected via the resistor R43 t0 
the base of the transistor T34 of the part GDC and to point 
P48 via the diode D35 and the variable resistor R20. The 
emitter of the transistor T35 receives the voltage U36. The 
base of the transistor T35 is connected to the emitter 
through the diode D36, which prevents said base from 
becoming negative to the emitter. 
The control-signal of the stage Em from the output 

S5 of the time-base circuit Bt is applied to the cathode 
of the diode D44, the anode of which receives the volt 
age U44 via the resistor R44. The resultant signal at point 
P44 is applied to the base of the transistor T35 through 
the resistor R43 and the capacitor C36, which are con 
nected in series. 

In the parabolic correction voltage generator GDP the 
emitter of the transistor T14 receives the voltage U45 
through the resistor R45 and the collector of said transis 
tor is directly connected to the source U46. The base of 
this transistor is controlled via the resistor R48 by a volt 
age prevailing at point P48. The capacitor C48 is con 
nected between the base of the transistor T14 and ground 
and together with the resistor R48 it forms an integrating 
network. 
The transistor T14 is connected like an emitter follower. 

The emitter is directly connected to the base of the 
transistor T13, the collector of which is connected to point 
P36 of the charging stage EC. The emitter of the transistor 
T13 is connected to ground through the series combina 
tion of resistors R46 and R47. The resistor R47 is decoupled 
by the capacitor C47. 

In the power ampli?er EP the ?rst three transistors T8, 
T9 and T10 are connected like “emiter followers.” The 
collector of the transistor T8 receives a voltage U51 and its 
emitter receives the voltage U52 through .a resistor R51. 
The base of the transistor T8 receives a voltage prevailing 
at point P48. The collectors of the transistors T9 and T10 
receive the voltage U55 from the source S55 and the emit~ 
ters receive the voltage U53 through the resistors R52 and 
R53 respectively; the emitter of the transistor T9 is con 
nected to the base of the transistor T10, whose emitter 
is connected to the parallel-connected base electrodes of 
the transistors T11 and T12. The collectors of the transis 
tors T11 and T12 are fed in parallel connection by the 
voltage U55 through the choke B13. The emitters of the 
transistors T11 and T12 are connected to ground through 
the resistors R54 and R55 respectively. The two parallel 
connected de?ection coils H1 and H1’ are connected be 
tween ground and the collectors of the transistors T11 
and T12 through the capacitor C55 and are shunted by 
the resistor R56. 
The elements used in a practical embodiment of the 

arrangement shown in FIG. 13 may have the following 
values: 












